SUMMARY This echocardiographic study was designed to assess left ventricular function and pulmonary blood flow in ventricular septal defect. Fifty-one patients aged 2 weeks to 21 years were investigated (group 2). Five of 10 operated patients were studied one week after surgical closure of the defect (group 3) and seven 3 to 6 weeks postoperatively (group 4). The control group consisted of 45 normal subjects aged 2 weeks to 21 years (group 1).
reliably and have shown good correlation with data obtained at angiocardiography (Pombo et al., 1971; Fortuin et al., 1972; Troy et al., 1972; Kaye et al., 1974; Meyer et al., 1975; Bennett and Rowlands, 1976) . Since no single measurement is always ' In receipt of a British Heart Foundation Grant.
Received for publication 12 December 1977 a reliable index of contractility in the intact circulation, we have examined the usefulness of several indices for detecting functional abnormality of the left ventricle in ventricular septal defect.
Recognitionofechocardiographic patterns of interventricular septal motion is important because reversed or intermediate septal motion precludes accurate assessment of left ventricular function. A useful method of assessing the appropriateness of myocardial hypertrophy would be to relate left ventricular mass to end-diastolic volume (EDV); we have, therefore, determined the ratio of EDV/ left ventricular mass to assess hypertrophy. This index has been used previously (Jarmakani et al., 1972) Table 1 .
Surgical closure of the defects was performed in 10, through a right atriotomy via the tricuspid valve in one and through a right ventriculotomy in the remainder.
Group 3 consisted of 5 patients on whom an echocardiographic examination was performed 1 week after surgical repair of ventricular septal defect. Group 4 consisted of 7 patients on whom studies were repeated at 3 to 6 weeks after operation.
Left ventricular, aortic root, and left atrial echocardiograms were recorded by the standard methods (Feigenbaum, 1972 ) with a Smith-Kline Ekoline ultrasonoscope using a 2-5 MHz focused transducer with a repetition cycle of 1000 impulses/s, connected to a Cambridge Strip chart recorder. Simultaneous electrocardiograms were also re- (Rackley et al., 1964; Dodge and Baxley, 1969; Troy et al., 1972; Bennett and Rowlands, 1976) 
Results
The results are given in detail in Tables 2 to 6 and The mean of left ventricular end-diastolic dimension (Dd) was 3-4 ± 0-8 cm (mean ± SD) in group 1 and 3-7 ± 0 9 cm in group 2, which was not significantly different. However, when Dd was corrected for body surface area, the resultant values were 4-6 ± 1-2 and 5-5 ± 1-7 cm per m2 in groups 1 and 2, respectively, showing a definite increase in left ventricular dimcnsion in group 2 (P < 0 05).
After closure of the ventricular septal defect, Dd fell to normal in all patients in group 3. Though there was further reduction in this index in group 4, the difference was not statistically significant.
LEFT VENTRICULAR END-DIASTOLIC VOLUME
The mean of EDV was 51-8 ± 15-5 ml per m2 in group 1 but was significantly greater (75 ± 30-6 ml per m2) in group 2 (P < 0-05). As would be expected, EDV fell significantly after operation (group 3). There was, however, no further substantial reduction in group 4 (Table 4) . Cardiothoracic ratio on plain chest radiographs correlated poorly with echocardiographic EDV (Fig. 4) .
LEFT VENTRICULAR MASS
The end-diastolic estimate of left ventricular mass (44 0 ± 8 8 g per m2) in group 1 was significantly less than in group 2 (63-6 ± 212 g per m2) (P < 0 001). Left ventricular mass remained relatively unchanged after operation (group 3) ( 2-1 1-8 1-17 1-7 1-6 1-06 2-3 2-1 109 2-4 2-1 1-14 2-2 2-0 1 10 2-2 1 9 1-15 2-1 2-2 095 2-2 2-2 1 00 2-5 2-1 1-19 2-5 2-2 1*13 2-6 2-2 1-18 2-5 2-1 1 19 1-9 1-8 1-05 2-0 2-2 0 90 2-7 2-4 1-12
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group.bmj.com on July 6, 2017 -Published by http://heart.bmj.com/ Downloaded from Abbreviations as in Table 2. group 2. This resulted in asymmetric septal hypertrophy (IVS/PW ratio > 1-5) in 11 patients in group 2. As shown in (Table 6 ). Vcf fell significantly to 0-92 ± 0415 immediately after operation (group 3) (P < 0 05), but returned to normal later (group 4). 
Discussion
Despite an incidence of 2 per 1000 live births (Hoffman, 1968) ventricular septal defect has attracted little attention in papers on echocardiography. At first glance it appears that this congenital anomaly is ideally suited to study by echocardiography but there are technical problems. 'A hole in the septal echo' does not mean anatomical absence of that part of the ventricular septum. This is because the septum may not always be at right angles to the incident ultrasound beam. This would produce apparent absence of the septum even though it were present. Furthermore, there is slight septal rotation with each heart beat in some children and this rotational phenomenon can cause the normal septum to appear to be broken. Finally, the width of the ultrasound beam may be larger than the size of the defect or the edges of the defect may overlap in the plane of examination. In this instance, the examiner will always see the septum and not recognise a slit-like defect (Goldberg et al., 1975) . It is not surprising, therefore, that investigators have tended to focus their attention on the secondary haemodynamic effects produced by ventricular septal defect rather than on primary echocardiographic diagnosis. Large ventricular septal defects cause increased pulmonary blood flow and result in enlargement of left atrium and left ventricle. Left atrial size gives an insight into the magnitude of pulmonary blood flow and has been shown to correlate well with the size of the shunt in ventricular septal defect (Carter and Bowman, 1973) . But there is a large normal variability in left atrial size, which results in considerable overlap between normal controls and patients with enlarged left atrium (Brown et al., 1974) . Left atrial size is age-dependent but is very variable even when corrected for body surface area. Silverman and associates (1974) indicated the usefulness of expressing left atrial enlargement in terms of LA/Ao ratio. They reported a LA/Ao ratio of 0-86 in premature infants without left-toright shunt. Later, Brown et al. (1974) and Lewis and Takahashi (1976) lgd.
-A -ileA group.bmj.com on July 6, 2017 -Published by http://heart.bmj.com/ Downloaded from was between 0O80 and 1-3. These differences in LA/Ao ratio (mean 1 09 ± 007) are partly the result of the differing age and body size of the subjects, but the ratio also depends on whether the diameter of the aortic root was measured at endsystole or end-diastole, and whether left atrial dimension was measured between the anterior edge of posterior aortic wall and the anterior edge of posterior left atrial wall or between the posterior edge of posterior aortic wall and the anterior edge of posterior left atrial wall (Sahn et al., 1976) .
In our study, determination of LA/Ao ratio proved useful in distinguishing large from small shunts though further quantification was not possible. There was slight overlap at pulmonary/ systemic ((4p: 4s) flow ratios between 1-9:1 and 2: 1 but this did not invalidate the value of LA/Ao in separating large from small shunts. All patients with 4p: 4s of 2: 1 or more, as measured at catheterisation, had LA/Ao ratio greater than 1 26 (mean of 1-41 ± 023), while LA/Ao was less than 1-26 in patients with op: os ratio less than 2: 1. There was very good correlation (r = 0 83) between LA/Ao and Qp: /s ratio, though not as close as that (r = 096) obtained by Lewis and Takahashi (1976) . As would be expected, LA/Ao ratio showed a significant fall after surgical closure of ventricular septal defect in patients in whom both pre-and postoperative data were available.
We have not made serial preoperative echocardiographic assessments of ventricular shunt size though these have been shown to be of clinical value (Meyer et al., 1975 The present study shows a significant increase in left ventricular chamber dimension and left ventricular mass in patients with large ventricular septal defects, though we have no information on patients with pulmonary vascular disease or infundibular stenosis. After surgical closure of the defects, there was a substantial reduction in these measurements though left ventricular mass was still increased. Left ventricular function as measured by ejection phase indices appeared to be unimpaired both preoperatively (group 2) and in 7 patients (group 4) who were studied at 3 to 6 weeks after operation. One of these 7 patients was under 2 years of age. The ages of the other 6 at the time of operation ranged from 4 to 16 years.
The thickness of the left ventricular posterior wall was within normal limits in 23 patients with large ventricular septal defects, despite electrocardiographic evidence of left or biventricular hypertrophy in these subjects. This finding is in agreement with that of Goldberg et al. (1975) who rarely found increased left ventricular wall thickness in isolated ventricular septal defect despite the frequent electrocardiographic interpretation of 'left ventricular hypertrophy' in their cases. It is difficult to demarcate the boundary between the ventricular wall and contrast material on ventriculograms. Angiocardiographic measurements of the ventricular wall include overlapping and infolding of trabeculae and papillary muscles and usually substantially overestimate wall thickness (Hugenholtzetal., 1969; Rackley, 1976) and therefore left ventricular mass, since posterior wall thickness is one of the two dimensions (the other being left ventricular end-diastolic dimension) used in the calculation of left ventricular mass. Since the left ventricular mass determined angiocardiographically is increased to a similar extent in pressure and volume overload (Krayenbuehl et al., 1976) There are obvious differences between our postoperative studies and those described by Jarmakani et al. (1971) and Maron et al. (1973) : firstly, the postoperative assessment in our patients was early, and second, there was little evidence of left ventricular hypertrophy in relation to the degree of volume overload. It is likely that the absence of significant hypertrophy may have spared these patients a relative myocardial ischaemia that might accompany the hypertrophic process. Finally, we agree with Cordell and co-workers (1976) that the patients who made up Jarmakani's study had their defects closed in early and mid 1960's. They did not have the benefit of present intraoperative techniques which have changed considerably over the past decade with far greater appreciation of the possible permanent effects of myocardial ischaemia produced during intracardiac manipulation. In our patients, like those in Cordell's series, the defects were closed using cardiopulmonary bypass and surface cooling with intermittent cross-clamping of the aorta. As they suggested, it is possible that the intraoperative procedures used in our patients might have served to protect their hearts to a greater extent than was possible 10 years ago, and may have contributed to Venco and associates (1976) in patients after corrective operations for aortic regurgitation.
We have thus shown that in patients with large ventricular septal defects, left atrial dimension, left ventricular size, and left ventricular mass were significantly increased. After surgical closure of the defect, there was a substantial reduction in these measurements, though left atrial size and left ventricular mass still remained high. Left ventricular function as measured by ejection phase indices appeared to be unimpaired at rest but the effect of exercise was not investigated.
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